Only a few observational studies investigated the association between hypochloremia and mortality in critically ill patients, and these studies included small number of septic patients. Also, no study has evaluated the effect of an increase in chloride (Cl − ) concentration in hypochloremia on the mortality. A total of 843 Korean septic patients were divided into three groups based on their baseline Cl − level, and Cox analyses were performed to evaluate the 28-day mortality. Moreover, the change in Cl − level (ΔCl) from baseline to 24, 48, or 72 hour was determined, and Cox analyses were also conducted to evaluate the relationship of ΔCl with mortality. 301 (35.7%) patients were hypochloremic (Cl − < 97 mEq/L), and 38 (4.5%) patients were hyperchloremic (Cl − > 110 mEq/L). During the follow-up period, 119 (14.1%) patients died. Hypochloremia was significantly associated with an increased mortality after adjusting for several variables, but an 1 mEq/L increase of ΔCl within 24 hour in patients with hypochloremia was significantly related to a decreased mortality. Caution might be required in severe septic patients with hypochloremia considering their increased mortality rate. However, an increased Cl − concentration might decrease the mortality rate of such patients.
. Although chloride is a major electrolyte measured routinely in daily practice, few studies have focused on chloride levels in critically ill patients 3 . Several studies have reported the incidence of chloride alterations and the association thereof with patient outcomes [4] [5] [6] [7] . Intravenous fluid resuscitation to restore the effective circulatory volume is a mainstay of early therapy for severely ill septic patients 7, 8 . During the salvage phase of shock, 0.9% saline is typically infused into these patients [9] [10] [11] . However, because saline is rich in chloride [12] [13] [14] , these patients are susceptible to hyperchloremia during the post-resuscitation phase 14, 15 . Moreover, hyperchloremic metabolic acidosis induced by use of chloride-rich solutions is associated with poor outcomes in critically ill patients 5, 14, 16 , particularly in those with severe sepsis and septic shock 15 . Thus, whether a chloride-liberal or chloride-restricted solution leads to better clinical outcomes in septic patients remains controversial [17] [18] [19] . Hypochloremia is also independently associated with an increased risk of mortality in critically ill patients because of the occurrence of metabolic alkalosis [20] [21] [22] . However, only a few observational studies have evaluated the association between hypochloremia and hospital mortality, and they included only a small number of septic patients in the intensive care unit 6, 7 . Accordingly, we stratified 843 Korean patients into hypochloremia, normochloremia, and hyperchloremia groups based on their baseline chloride level and assessed the 28-day mortality , and the mean sequential organ failure assessment (SOFA) score, and acute physiology and chronic health evaluation (APACHE) II score were 8.4 ± 3.0 and 16.9 ± 6.7. The mean systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean arterial pressure (MAP) were 84.1 ± 24.3, 53.2 ± 13.3, and 63.5 ± 16.0 mmHg, respectively. Of the 843 patients, 294 (34.9%) had diabetes mellitus, 461 (54.7%) had hypertension, 70 (8.3%) had congestive heart failure, 136 (16.1%) had cerebrovascular accidents, and 100 (11.9%) had a history of coronary arterial disease. Dementia, cancer, chronic pulmonary disease, chronic liver disease, and kidney disease were diagnosed in 5.2%, 33.9%, 14.0%, 10.6%, and 17.0% of the patients, respectively (Table 1) .
Three hundred and one (35.7%) patients were in the hypochloremic group, and 38 (4.5%) were in the hyperchloremic group. The patients in the hyperchloremic group had a significantly higher SOFA score (9.6 ± 3.1 vs. 8.9 ± 3.0 in the hypochloremic group and 8.0 ± 2.9 in the normochloremic group, P < 0.001) and APACHE II score (20.4 ± 10.8 vs. 18.7 ± 5.9 in the hypochloremic group and 15.3 ± 7.1 in the normochloremic group, P = 0.003), serum blood urea nitrogen (BUN) level, sodium concentration, and chloride concentration compared with the other two groups. Moreover, there were more occurrence of acute kidney injury (AKI) in hypochloremic and hyperchloremic groups compared with normochloremic group, but there were no significant differences among the three groups in vasopressor needs and mechanical ventilation. White blood cell and platelet counts and serum lactate, C-reactive protein (CRP), and potassium levels were highest in the hypochloremic group. Serum albumin and total CO 2 levels were significantly highest in the normochloremic group. We investigated "Net fluid accumulation for 72 hours" and calculated "Mean daily fluid balance". Moreover, we examined the type and amount of fluid for 72 hours from the initial admission of emergency department (ED). Table 1 showed that mean daily fluid balance was 0.6 L and daily infused 0.9% saline was 1.5 L. However, there were no significant differences in mean daily fluid balance and daily infused 0.9% saline solution among the three groups (Table 1 ). In addition, although total infused fluid amount in hyperchloremic group for 48-and 72-hours were significantly increased compared with those in normochloremic group, there were no significant differences in 24-hour total infused fluid amount, 24-, 48-, and 72-hour infused 0.9% saline solution among the tree groups (Supplementary  Tables 1 and 2 ).
Hypochloremia and 28-day mortality. One hundred and nineteen (14.1%) patients died during the follow-up period. The 28-day mortality rate was significantly higher in the hypochloremic group (59 patients, 19.6%) and non-significantly higher in the hyperchloremic group (7 patients, 18.4%) compared with the normochloremic group (53 patients, 10.5%) ( Table 1 and Fig. 1 ). In addition, Kaplan-Meier analysis showed that the cumulative survival rate was significantly lower in the hypochloremia and hyperchloremia groups compared with the normochloremia group (Fig. 2) . Univariate Cox proportional regression analyses of 28-day mortality revealed that the hypochloremic group had a hazard ratio (HR) of 1.699 [95% confidence interval (CI), 1.129-2.557; P = 0.011] compared with the normochloremic group, while no significant association was evident in the hyperchloremic group (HR, 1.762; 95% CI 0.753-4.127; P = 0.192). Hypochloremia was also significantly associated with 28-day mortality after adjusting for age, sex, MAP, SOFA score, cerebrovascular accidents, serum BUN, albumin, and lactate compared with normochloremic patients (HR, 1.484; 95% CI, 1.078-2.339, P = 0.034) ( Table 2 ).
The change of serum chloride concentration and 28-day mortality. The effect of an 1 mEq/L increase in the chloride concentration on the 28-day mortality rate was investigated next. The ΔCl 24h , ΔCl 48h , and ΔCl 72h values were calculated and subjected to univariate Cox proportional regression analyses to determine their effects on 28-day mortality.
In the hypochloremic group, 28-day mortality was significantly decreased with each 1 mEq/L increase in the chloride concentration at 24 hour (HR, 0.914; 95% CI, 0.866-0.966; P = 0.001) and 48 hour (HR, 0.936; 95% CI, 0.888-0.987; P = 0.014), while there was no significant effect at 72 hour (HR, 0.961; 95% CI, 0.910-1.014; P = 0.258) ( Table 3 ). In the normochloremic group, the 28-day mortality rate was significantly reduced by 12.1%, 9.7%, and 10.5% for each 1 mEq/L increase in the chloride concentration at 24, 48, and 72 hour, respectively (Table 4) . However, the ΔCl values were not significantly associated with the 28-day mortality rate at any of the time points in the hyperchloremic group (Table 5) . Then, multivariate Cox analyses were performed, when the variables had a significant HRs such as ΔCl 24h , ΔCl 48h in hypochloremic group and ΔCl 24h , ΔCl 48h , and △Cl 72h in normochloremic group. Tables 6 and 7 revealed that the 28-day mortality rate in the hypochloremic group was significantly decreased by 5.4% at 24 hour with an 1 mEq/L increase in the chloride level, after adjusting for age, sex, BMI, SBP, SOFA score, coronary arterial disease (CAD), serum albumin, and total CO 2 , whereas there was no significant effect of an 1 mEq/L increase in the chloride level on 28-day mortality at 48 hour (Table 6 ). In addition, in normochloremic group, increase of chloride level was not significantly associated with 28-day mortality in any time (Table 7) .
Discussion
The 28-day mortality rate was significantly increased by 48.4% in the hypochloremic group compared with the normochloremic group, while it was not significantly increased in the hyperchloremic group compared with the normochloremic group. In contrast, in the hypochloremic group, the 28-day mortality rate was significantly decreased by 5.4% with an 1 mEq/L increases in ΔCl 24h .
Although the mechanism is unclear, hypochloremia is considered to be related to mortality in critically ill patients, possibly because of metabolic alkalosis [20] [21] [22] . However, the main factor responsible for mortality due to hypochloremia and metabolic alkalosis is unclear 7, 23 . Although their study population was different from ours, Tani et al. 7 reported that patients with metabolic acidosis had the highest mortality rate (metabolic acidosis, Table 1 . Baseline characteristics at the time of ED admission among three groups (hypochloremia, normochloremia, and hyperchloremia)*. Data are expressed as mean (with standard deviation) or n (%). Abbreviations; ED, emergency department; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; SOFA, sequential organ failure assessment; APACHE, acute physiology and chronic health evaluation; DM, diabetes mellitus; CHF, congestive heart failure; CVA, cerebrovascular accidents; CAD, coronary arterial disease; WBC, white blood cell; Hb, hemoglobin; BUN, blood urea nitrogen; CRP, C-reactive protein. *We investigated baseline demographic and laboratory data based on the time of patients' ED admission, and stratified these data based on the hypochloremia, normochloremia, and hyperchloremia groups. Hypochloremia; chloride level less than 98 mEq/L at baseline. Normochloremia; chloride level between 98 to 110 mEq/L at baseline. Hyperchloremia; chloride level over 110 mEq/L at baseline. †
To quantify 72-hour cumulative fluid balance, we used the following formula: [∑daily (fluid intake (L)− total output (L)], which was defined as "net fluid accumulation for 72 hours". "Mean daily fluid balance" was calculated as the arithmetic mean of the daily fluid balance from the admission of ED to 72 hours. † † According to our policy of the solution for severe sepsis, we usually use 0.9% saline.
17.4%; metabolic alkalosis, 3.9%; normal, 6.27%; P = 0.027). Moreover, hypochloremic patients with metabolic acidosis had a higher mortality rate compared with those with metabolic alkalosis, suggesting that hypochloremia is associated with mortality independently of metabolic alkalosis.
Hypochloremia could be a sign of the severity of illness 6 as a result of dysregulated homeostasis, including the serum chloride concentration. The SOFA score was significantly increased in the hypochloremic group compared with the normochloremic group in the current study. However, the hypochloremic group was independently associated with an increased 28-day mortality rate compared with the normochloremic group even after adjusting for the SOFA score. In addition, an increase in chloride level at 24 hour was significantly related to a decreased 28-day mortality rate in the hypochloremic group.
Demonstrating that hypochloremia is a risk factor for mortality is problematic, because we did not show a causal link. Therefore, our results suggest an association between hypochloremia and a higher 28-day mortality rate in septic patients. The increase in the chloride concentration at 24 hour in the hypochloremic group was significantly associated with a decreased mortality rate.
In contrast, hyperchloremia was not significantly related to an increased 28-day mortality rate in this study. Unlike previous studies, the hyperchloremic group comprised only 38 (4.5%) patients, hampering identification of a significant association between hyperchloremia and an increased 28-day mortality rate. Thus, further studies involving larger populations are warranted to determine the relationship between hyperchloremia and mortality.
Intravenous fluid resuscitation is considered essential for early therapy in severe septic patients 4, 7, 8 , and chloride-rich solutions are typically used during the salvage phase of shock 5, [12] [13] [14] . Such patients are susceptible Figure 1 . Hypochloremia and 28-day mortality. The 28-day mortality rate was significantly higher in the hypochloremic group (59 patients, 19.6%) compared with the normochloremic group (53 patients, 10.5%), whereas there was no significant difference in 28-day mortality rate between hyperchloremic group and normochloremic group. to hyperchloremia during the post-resuscitation phase, and the consequent hyperchloremic metabolic acidosis leads to poor clinical outcomes in critically ill patients 5, [14] [15] [16] . Therefore, several studies have investigated whether a chloride-liberal or chloride-restricted solution leads to better clinical outcomes in septic patients. Some studies reported a chloride-restricted solution to be superior 18, 19 , while others suggested no significant difference in clinical outcomes 17, 24, 25 . To our knowledge, no study has evaluated the influence of an increased chloride concentration on mortality in hypochloremic septic patients. An increase in the chloride level from baseline during follow-up was associated with all-cause hospital mortality 5 and the development of AKI 4 ; however, these studies did not separate hypochloremic patients from normochloremic patients. Therefore, the analysis of the effect of elevated chloride levels on mortality in hypochloremic, normochloremic, and hyperchloremic patients was a strength of this study. Moreover, we report that an increased chloride level was independently associated with a decreased mortality rate in the hypochloremic group, suggesting that chloride-rich solutions could improve the clinical outcomes of hypochloremic patients.
This study had several limitations. First, this was a retrospective cohort study and thus was subject to selection bias. Second, the patients were arbitrarily classified into three groups according to our hospital reference, and the number of patients was distributed unevenly among the three groups. However, there are no established cut-off values for hypo-, normo-, or hyperchloremia [5] [6] [7] ; most studies use cut-off values of 98 mEq/L for hypochloremia and 110 mEq/L for hyperchloremia 5, 6 . Third, we did not investigate acid-base changes according to alteration of the chloride level. Also, we analyzed only the change in chloride level within 72 hour; thus, our findings cannot be extrapolated beyond 72 hour. Despite these limitations, this study showed that hypochloremia is independently associated with an increased 28-day mortality rate, and that an increased chloride concentration is independently related to a decreased 28-day mortality rate in hypochloremic patients. In contrast a few previous studies presented hypochloremia is significantly associated with adverse clinical outcomes, they did not provide the effect of change of serum chloride concentration. Moreover, this study may be a cornerstone to prove the importance of chloride fluid replacement in the septic patients who have hypochloremia at baseline.
In conclusion, septic critically ill patients with hypochloremia at baseline should be monitored closely. Moreover, such patients may benefit from an increased chloride level. Therefore, a randomized-controlled interventional study involving a larger population is warranted to evaluate the association between an increased chloride level and the mortality rate of hypochloremic patients. 
Materials and Methods
Study population. A retrospective cohort study was conducted in Severance Hospital, a 2,400-bed tertiary teaching hospital at Yonsei University College of Medicine, South Korea. This study was approved by the institutional review board (IRB) of the Yonsei University Health System Clinical Trial Center (4-2017-0078). The need for informed consent from patients was waived because of the retrospective design of the study. All clinical investigations were conducted in accordance with the guidelines of the 2013 Declaration of Helsinki. Data were collected from patients admitted to the ED for severe sepsis or septic shock from January 2010 to December 2015. The exclusion criteria were (a) age <18 years, (b) any contraindication for central venous catheterization, (c) pregnancy, (d) acute CVA e) acute coronary syndrome, (f) active gastrointestinal bleeding, (g) trauma, (h) drug overdose, (i) requirement for immediate surgery, (j) transfer to another institution, and (k) a do-not-resuscitate order. Severe sepsis and septic shock were defined according to standard criteria 26 . All patients were included in the study only once.
Data collection. Baseline characteristics, including demographic information and pre-existing chronic comorbidities, were collected at the time of admission to the ED. The SOFA 27 and APACHE II 28 scores were determined to assess disease severity based on the worst score obtained during the initial 24 hour of ED admission. In addition, the serum chloride concentration was measured by indirect potentiometry (ADVIA 1800 Chemistry System; Siemens Healthcare Diagnostic Inc., Oakville, ON, Canada). Chloride levels were determined at 24, 48, and 72 hour from baseline (time of admission to ED), and the change in chloride level relative to the baseline level was calculated for each time point.
Definitions.
(1) Hypochloremia was defined as a chloride concentration of <98 mEq/L at baseline. Normochloremia was defined as a chloride concentration of 98-110 mEq/L at baseline. Hyperchloremia was defined as a chloride concentration of >110 mEq/L at baseline. Study outcomes. The observation period ended 28 days after ED admission, and the primary outcome was the 28-day all-cause mortality rate.
Statistical analysis. Statistical analysis was performed using SPSS for Windows, version 22.0 (SPSS Inc., Chicago, IL, USA). The patients were classified into hypochloremia, normochloremia, and hyperchloremia groups based on their baseline chloride levels. Continuous variables are presented as means ± standard deviation and categorical variables as numbers and percentages. The baseline characteristics of the groups were compared by analysis of variance for continuous variables and the χ 2 test for categorical variables. Kaplan-Meier survival curves were assessed using the log-rank test to compare the differences in 28-day mortality among groups. A Cox model was fit to evaluate the influence of the chloride level on 28-day mortality and the effect of an increased chloride level at 24, 48, or 72 hour from baseline on 28-day mortality. First, we selected variables using the threshold of P-value < 0.2 from univariate analysis (Supplementary Table 3) , and then confirmed new variables for adjustment of multivariate Cox analysis after assessing colinearity between the selected variables. Finally, MAP, SOFA score, CVA, serum BUN, albumin, and lactate were chosen to adjust for multivariate Cox analysis including age and sex to evaluate the effect of hypochloremia or hyperchloremia on 28-day mortality. With the same way, we performed multivariate Cox analyses for the effects of increase of chloride level on the mortality; BMI, SBP, SOFA score, CAD, serum albumin and total CO 2 were selected for adjustment including age and sex in hypochloremic group (Table 6) , and SOFA score, serum BUN, albumin, and total CO 2 were adjusted for multivariate Cox analysis including age and sex in normochloremic group (Table 7) . The results are presented as hazard ratios (HRs) with 95% confidence intervals (CIs). To confirm the assumption of proportionality, a time-dependent covariate analysis was performed, the results of which were not statistically significant, suggesting that the proportional hazards assumption was reasonable. All tests were two-sided, and a P value of <0.05 was considered to indicate statistical significance.
